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The section is worth 20%. This section is mandatory. There are no choices.  
 
A1 A local company has been contracted to build a ferry pontoon on seawater and you have to select a 
suitable material for it. A pontoon is an air-filled structure that floats on water and people walk on it to get on to 
ferries and boats. About 400 people will walk on it to reach the ferry and out of it on a single day. The ferry should 
have a life of about 25 years. The pontoon may be subjected to accidental damage from other ferries and boats. 
The pontoon is required to be about 50 metres in length and may have to be fabricated on site. In your analysis 
for the selection of a suitable material based on properties, please also include the ability to be fabricated and 
repaired, any corrosion protection, safety factors and recyclability of pontoon material. You may want to consider 
some of the materials listed below in Table 1. 
Table 1 Properties of a few common engineering materials 
Material Density (Mg/m
3





Mild Steel 7.8 200 220 (σy) 140 
CFRP 1.9 390 670(σTS) 38 
GFRP 2.55 72 250(σTS) 40 
Aluminium alloy 2.7 69 400 (σy) 43 
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Section B 
This section is worth 80%. Answer any 5 of the 7 questions. Each question is worth 16 marks.  In each question, part A is 




A. Explain what is meant by the ideal strength of a material. 
 
B. Explain briefly what is meant by a dislocation and why the strengths of metals are lower than the ideal 
strengths. Show with diagrams as to how the motion of an edge dislocation can lead to plastic deformation of a 




A. In selecting materials and designing structures, what are the different ways in which the deflection of a 
structure/component can be kept as low as possible? Explain. 
 
B. Obtain a materials index (ratio of density to elastic modulus) for the elastic bending of beams for the following 
cross sections. Both the length and stiffness are fixed by the design. 
i. Rectangle (breadth b is not a variable) I=bd
3
/12 
ii. Thin-walled tube (radius r not a variable) I= πr
3
t 
Explain which of these beams will have the lowest materials index. 
Question B3 
 
A. What is the importance of a hardness test? How do you interpret the hardness test results? 
 
B. Draw a schematic diagram to show a tensile test curve for a ductile metal and mark the following parameters: 
 Elastic region 
 Plastic region 
 0.1% proof strength 
 Tensile strength 
 Plastic strain at fracture 
 Elastic strain at fracture 
 Plastic energy at fracture 
 Young’s Modulus 
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Question B4 
A. What is fracture toughness? Describe its importance to the presence of defects and fast fracture with suitable 
examples. 
 
B. A cylindrical pressure vessel in an ammonia plant was 7m long, had an internal diameter of 1m and had a wall 
thickness of 62mm. The vessel was subjected to an internal pressure of 35.3MPa.  
 
After 16 years in service the vessel exploded into a large number of fragments. Semicircular “thumbnail” 
cracks typically 6mm deep, were found at the inner surface of the vessel; they had initiated at the edges of a 
series of fillet welds used to attach internal fittings to the vessel wall (Y=1.12x0.64). The gas in the vessel 
contained 58% hydrogen and cracks were blamed on hydrogen cracking. Tests on samples of the steel gave a 
value of Kc of about 40MNm
-3/2
. You should assume that there is a residual tensile stress of 100MPa at the 
welds in addition to the hoop stress. 
a. Account for the failure using fracture mechanics. 
b. Describe how tensile residual stress develops in welds. 




A. Explain the following observations. (Use the data in Table 2) 
a. Gold, platinum and palladium do not corrode in water-based solutions. 
b. There is a poor correlation between the standard electrode potential of a metal and its corrosion 
resistance. 
Table 2 Standard Electrode potentials 
 
 
Ref: M F Ashby & D RH Jones Engineering Materials 1, Fourth edition, Elsevier, 2012. 
 
B. Answer all of the following questions 
a. On a Pourbaix diagram, what do the terms (i) immunity, (ii) corrosion, (iii) passivation mean? 
b. Why is stainless steel very resistant to corrosion? 
c. Why does excluding oxygen prevent corrosion? 
d. What are the different ways of protecting steel from corrosion? 
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A. Explain the micro-mechanisms of fracture in ductile and brittle metals. Why a composite made of two brittle 
materials is tougher than the individual components? 
 
B. The following diagram in Fig.1 shows the crank-pin end of the connecting rod on a large scale miniature steam 
locomotive. The locomotive weighs about 900kg and is designed for hauling passengers around a country 
park. In the full-size prototype, the connecting rod and big-end were from a single-billet of steel. However, in 
order to save cost in building the miniature version, it is intended to weld the two parts together with a full 
penetration double-sided weld, grinding the surface flush to hide the joint. Do you think that this design will 
have the required fatigue properties? Use the standard weld classes in Fig.2 and fatigue weld design curves in 
Fig.3. Design and operational data are given in Table 3. 
 
Table 3. Design and operational data 
 
Diameter of the double-acting cylinder 90mm 
Diameter of the driving wheel  235mm 
Steam pressure inside cylinder at point of admission 0.7MPa 
Estimated annual distance travelled 6000km 




Fig.1 Weld details of the gusset 
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Fig.2 Standard weld classes 
 
Fig.3 Fatigue strengths of the standard weld classes for structural steel – curves for 97.7% survival 
Ref: M F Ashby & D RH Jones Engineering Materials 1, Fourth edition, Elsevier, 2012. 
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tests carried out on specimens of the alloy under these conditions indicated that the steady state creep rate, 









C. Calculate the average creep rate under service conditions. It may be 











), and T is the absolute 
temperature. Q has a value of 160kJmol
-1 
 
B. Answer all the following questions. 
a) How would you design metals and ceramics to resist creep? 
 
b) Why are directionally solidified and single-crystal blades better than conventional investment cast 
blades? 
 
c) Why are some materials such as aluminium and high Ni steels used for cryogenic applications? Why 
are plain carbon steels not used in cryogenic applications?  
 
d) What properties are needed of a turbine blade of a modern aircraft gas turbine engine? 
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